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Abstract

Objective: To determine the incidence of and temporal trends in surgical site infections (SSIs) in patients underoing
coronary artery bypass graft (CABG) surgery.
Methods: A population-based cohort study was conducted to describe the epidemiologic features of SSI in Olmsted
County, Minnesota, between January 1, 1993, and December 31, 2008, using the Rochester Epidemiology Project.
Period-specific incidence rates (in-hospital or within 30 days outside the hospital) were calculated. Logistic regression
analysis was used to adjust for potential confounders that could affect temporal trends in SSI incidence rates.
Results: During the 16-year study, of 1424 residents of Olmsted County who underwent CABG surgery, 1189 (83%)
had isolated CABG and 235 (17%) had combined CABG and valve surgery. The overall SSI incidence rate was 7.0%
(95% confidence interval [CI], 5.7%-8.4%). The incidence rate of superficial sternal SSI was 2.0% (95% CI, 1.2%-
2.7%) and of deep sternal SSI was 1.5% (95% CI, 0.9%-2.2%). The leg harvest site infection rate was 3.6% (95% CI,
2.6 %-4.5%). The incidence rate decreased over time with a statistically significant linear trend. The adjusted odds ratio
(95% CI) of SSI showed a decreasing linear trend: 0.39 (0.19-0.81) vs 0.50 (0.27-0.93) vs 0.83 (0.48-1.42) vs reference
for 2005-2008 vs 2001-2004 vs 1997-2000 vs 1993-1996.
Conclusion: In this population-based surveillance study of patients undergoing CABG surgery, the incidence of SSI
decreased markedly between 1993 and 2008 in patients in Olmsted County. The factors responsible for this decrease
are the focus of ongoing investigations.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(11):1054-1061
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C oronary artery bypass graft (CABG) sur-
gery improves the overall quality of life in
patients with coronary artery disease.1

However, complications of CABG surgery, such as
surgical site infection (SSI), particularly deep sternal
SSI, are a cause of substantial morbidity and mortal-
ity and significant hospital costs.2,3 Furthermore,
the prevalence of CABG surgery in patients at high
risk for infection is increasing due to an aging US
population and the frequency of conditions confer-
ring cardiovascular and infectious risks (obesity and
diabetes mellitus) in the population.4 The mortality
rate in patients with sternal SSI has ranged from
14% to 42%.3,5

Coronary artery bypass graft surgery is unique
because it includes sternal and vascular harvest site
incisions that can result in SSIs at different sites.
Thus, interpretation of SSI rates must assess those
occurring at each site. Few studies have been per-
formed to examine harvest site infections. In an ear-

lier study, DeLaria et al6 found that leg wound com- a
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plications resulted in a mean of 12 additional
hospital days and increased cost by $9900. The bulk
of attention has focused on deep sternal SSI and
mediastinitis because of their potential for causing
serious morbidity and mortality, although graft har-
vest site infections may be more common.3,5,7,8

Trick et al9 found that vascular harvest site infec-
tions are common after CABG surgery, with a rate
greater than 15%.

The incidence of superficial SSI in sternotomies
should be similar to that of any clean surgical pro-
cedure, ie, approximately 2%. Nonetheless, the in-
fection rate can be 3-fold higher in patients with
heart disease due, in large part, to the multiple co-
morbid conditions that typically characterize these
patients.10-12 The reported incidence of deep SSI

as ranged from 0.5% to 6.8%.9,13,14 This variation
ay be explained by differences in study design,
atient profile, types of surgical procedures per-
ormed, and definition of SSI because some studies
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a higher incidence of SSI.14,15 However, no tempo-
ral trends in incidence have been reported in a US
population. We, therefore, conducted a retrospec-
tive population-based cohort study using stan-
dard criteria established by the Centers for Dis-
ease Control and Prevention (CDC) to describe
the epidemiologic features of SSI after CABG sur-
gery in Olmsted County, Minnesota, during a 16-
year period (1993-2008).

METHODS

Setting and Population
The population of Olmsted County is served by a
largely unified medical care system that has accumu-
lated comprehensive clinical records since 1966.15

Olmsted County (2010 population, 144,248) is lo-
cated 90 miles southeast of Minneapolis/St Paul. Ap-
proximately 74% of the county population resides
within the city limits of Rochester, Minnesota, the
centrally located county seat. The population is
mainly of white race/ethnicity (83.4%) and is largely
middle class.16 The characteristics of the Olmsted
County population are similar to those of the US
non-Hispanic white population except for a higher
proportion of working adults being employed in the
health care industry.

Epidemiologic research in Olmsted County is
feasible because the city and county are relatively
isolated from other urban centers, and nearly all
medical care is provided to local residents by a
handful of providers.

The Rochester Epidemiology Project (REP) is a
medical records linkage system that indexes the
medical records of all individuals seen by a health
care provider and residing in Olmsted County. For
each patient, there exists a single dossier into which
medical diagnoses, surgical interventions, and other
key information from medical records are regularly
abstracted and entered into computerized indexes
with use of the International Classification of Diseases,
Ninth Revision, Clinical Modification.16,17 The REP al-
lows investigators to obtain patient data from their
outpatient (office, urgent care, and emergency de-
partment) and hospital contacts across all local med-
ical facilities, regardless of where the care was pro-
vided and of insurance status. Thus, the REP allows
investigators to conduct long-term population stud-
ies of disease incidence.

Coronary Procedures
Since 1955, Mayo Clinic has maintained an index of
surgical procedures that can be queried electroni-
cally. This index allowed us to identify all the pa-
tients who underwent CABG surgery between Janu-
ary 1, 1993, and December 31, 2008. Because Mayo

Clinic is the sole provider of CABG surgery in Olm-
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ted County, this case-finding approach resulted in
he complete ascertainment of all CABG procedures
erformed in the county.

ase Ascertainment
fter this study received approval from the Mayo
linic Institutional Review Board and the Institu-

ional Review Board of Olmsted Medical Center, SSI
ases were initially identified using International
lassification of Diseases, Ninth Revision, Clinical Mod-

fication codes 998.51and 998.59 and Hospital Inter-
national Classification of Diseases Adapted codes
09985110, 09985210, 09985211, 09985212,
09985213, 09985214, 09985230, 09985310,
09985411, 09985412, and 09985413. Also, to
enhance the completeness of case ascertainment,
data from the cardiovascular division database at
Mayo Clinic, which are regularly submitted to the
Society of Thoracic Surgeons (STS) national data-
base, were used. The cohort included all adults
(�18 years) who were residents of Olmsted County
for at least 1 year before surgery and who underwent
either isolated CABG surgery or combined CABG/
valve surgery between 1993 and 2008.

Once the diagnosis of each potential case was
confirmed and residency established, the complete
inpatient and outpatient medical record was re-
viewed by the primary investigator (F.A.A.). Perti-
nent information was abstracted using a standard-
ized data form.

Case Definition
Superficial and deep sternal SSIs and leg harvest site
infections (LHSIs) were defined according to the
guidelines outlined by the CDC.18

Statistical Analyses
For incidence rate calculation, all adult (�18 years)
residents of Olmsted County who underwent CAGB
surgery between January 1, 1993, and December
31, 2008, were considered at risk. Patients with an
SSI within 30 days after CABG surgery were identi-
fied. Deep incisional sternal site and organ/space in-
fections were combined into a single category. De-
mographic and baseline clinical characteristics and
the outcomes of infections for all patients undergo-
ing CABG surgery are summarized using appropri-
ate descriptive statistics. Demographic, preopera-
tive, intraoperative, and postoperative measures
were compared between those who had infections
(either sternal SSIs or LHSIs) and those who did not.
The overall incidences of infections (either sternal
SSIs or LHSIs), sternal SSIs, and LHSIs in the CABG
cohort were estimated, with corresponding 95%
confidence intervals (CIs). In addition to the overall

estimate, we divided the 16-year study period into
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four 4-year periods (1993-1996, 1997-2000, 2001-
2004, and 2005-2008) and calculated the inci-
dences of the infections separately for each of these
4-year intervals, with corresponding 95% CIs. Ini-
tially, the score test for trend of odds was used to
investigate time trend in odds of infection; thereaf-
ter, logistic regression analysis was performed with
the dependent variable being infected (yes/no) and
the 4 periods (4 years each) as independent vari-
ables, with other covariates entered into the model
to obtain an adjusted odds ratio associated with each
study period. The final logistic model was fitted us-
ing the stepwise regression (insertion/deletion)
method, entering all significant covariates into the
model initially and retaining those in the final model
that were observed to be significant at a 5% level of
significance. All the statistical analyses were per-
formed using a statistical software program (Stata,
version 10; StataCorp LLP).

RESULTS
During the 16-year study, of 1424 residents of
Olmsted County who underwent CABG surgery,
1189 (83%) had isolated CABG surgery and 235
(17%) had combined CABG and valve surgery. Ta-
ble 1 summarizes the demographic and clinical
characteristics of the entire cohort according to SSI
status. The mean � SD age of the cohort was
66.7�11.1 years, and 24.7% were women. The
overall SSI incidence rate was 7.0% (95% CI, 5.7%-
8.4%) (Table 2). The incidence rate of superficial
sternal SSI was 2.0% (95% CI, 1.2%-2.7%) and of
deep sternal SSI was 1.5% (95% CI, 0.9%-2.2%).
The LHSI rate was 3.5% (95% CI, 2.6%-4.5%).

Period-specific incidence rates for 1993-1996,
1997-2000, 2001-2004, and 2005-2008 are com-
pared in Table 2. The incidence rate of overall SSI
decreased over time in a linear trend, which was
statistically significant at P�.05. However, superfi-
cial sternal SSI rates did not consistently show this
decreased trend across the 4 study periods. Table 3
displays the odds ratios associated with each period
after adjusting for body mass index (calculated as
the weight in kilograms divided by the height in
meters squared), intraoperative cryoprecipitate
transfusion, hospital readmission, and length of
hospital stay. Again, it showed a decreasing linear
trend with a statistically significant reduction in
the last 2 periods. Table 4 summarizes the distri-
bution of SSI causative organisms. Of the 100 pa-
tients with SSIs, no culture was performed in 38,
and we found that surgeons tend to diagnose and
treat most superficial SSIs without microbiologic
culture being performed. Most SSIs (n�21) were

due to coagulase-negative staphylococci.

Mayo Clin Proc. � November 2012;87(1
DISCUSSION
The results of this population-based survey of SSI
complicating CABG surgery deserve further com-
ment. The overall incidence (7.0%) was higher than
expected for “clean” cases and was primarily due to
the number of harvest site infections. The incidence
of SSI varies depending on the infection definition
and type of surgery. In 3 previous studies,5,19,20 for
xample, strict definitions were used and likely
nderestimated the true incidence of SSI compli-
ating CABG surgery. Although the CDC criteria
sed in this survey are mainly considered a sur-
eillance definition, their definition was intended
o define clinical syndromes for making therapeu-
ic decisions, and, thus, they may have missed
ome SSI cases.

Published population-based and multicenter
ata on SSI incidence after CABG surgery are sum-
arized in Table 5. Steingrimsson et al21 conducted
population-based study in Iceland that included

nly patients with deep SSI with an incidence rate
lightly higher (2.5%) than what we observed. In the
etherlands, Manniën et al22 conducted surveil-

lance across multiple centers and found an overall
SSI rate of 5.6%, a superficial sternal SSI rate of
1.1%, a deep sternal SSI rate of 1.3%, and an LHSI
rate of 3.2%. In this nationwide epidemiologic
study, a surveillance period of 42 days instead of 30
days was chosen, and 13% of recorded SSIs were
diagnosed 30 to 42 days postoperatively. In addi-
tion, they used postdischarge surveillance of SSI af-
ter cardiothoracic procedures to minimize the risk
of missing cases. Because the surveillance was elec-
tive for LHSI and mandatory for sternal SSI, it is
conceivable that some LHSI cases were missed. The
first Norwegian study of national baseline incidence
rates of SSI after CABG surgery performed between
2005 and 2009 was conducted by Berg et al.23 The
verall SSI incidence rate was 14%, the sternal SSI
ate was 5.1%, and the LHSI rate was 8.9%. How-
ver, the surveillance system used was not yet vali-
ated, and numbers of participating hospitals var-

ed. In the United States, Fowler et al4 used clinical
information obtained from the STS national cardiac
database of almost two-thirds of all US bypass pro-
cedures (300,000 patients) performed during 2002-
2003. They considered only deep sternal SSIs and
LHSIs and reported their incidence rates to be 0.9%
and 1.1%, respectively. The combined incidence
rate was approximately 2.1%. These low rates of
deep sternal SSI and LHSI may reflect, in part, the
large geographically diverse population in the STS
database, which increases generalizability and also
uniformity in identification of infectious complica-
tions of CABG surgery in the STS database. More-
over, rates of deep sternal SSI may be higher in cen-

ters with active infection control surveillance rather
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TABLE 1. Demographic and Clinical Characteristics of 1424 Patients Who Underwent CABG Surgery With or
Without Valve Surgery, Olmsted County, Minnesota, 1993-2008a,b

Characteristic No. of patients
Patients without SSI

(n�1324)
Patients with SSI

(n�100) P value

Age (y), mean � SD 1424 66.7�11.2 67.7�9.8 .38

Female 1424 320 (24.2) 32 (32.0) .08

Race/ethnicity 1423 .80

White 1286 (97.1) 98 (99.0)

Black 9 (0.7) 1 (1.0)

Hispanic 9 (0.7) 0

Asian 16 (1.2) 0

Native American 3 (0.2) 0

BMI, mean � SD 1424 28.8�4.9 31.4�6.5 �.001

Presurgery length of hospital stay (d), mean
� SD 1420 2.1�3.5 2.8�3.3 .06

Length of hospital stay (d), mean � SD 1424 7.7�7.1 16.1�20.8 �.001

Smokers 1423 892 (67.4) 66 (66.0) .77

Diabetes mellitus 1424 362 (27.3) 39 (39.0) .01

Ejection fraction category 1424 .78

�50% 889 (67.2) 64 (64.0)

35-50% 323 (24.4) 26 (26.0)

�35% 112 (8.5) 10 (10.0)

Dialysis 1424 13 (1) 1 (1.0) �.99

Chronic obstructive lung disease 1424 132 (10.0) 13 (13.0) .33

Immunosuppressive treatment 1424 48 (3.6) 8 (8.0) .03

Peripheral vascular disease 1424 248 (18.7) 26 (26.0) .08

Cerebrovascular disease 1424 183 (13.8) 19 (19.0) .15

Cerebrovascular accident 1424 97 (7.3) 7 (7.0) .90

Previous CABG 1424 72 (5.4) 7 (7.0) .51

Preoperative myocardial infarction 1424 596 (45.0) 54 (54.0) .08

Preoperative unstable angina 1422 455 (34.4) 30 (30.0) .37

Congestive heart failure 1424 191 (14.4) 21 (21.0) .08

NYHA class 1419 .43

I 49 (3.7) 4 (4.0)

II 181 (13.7) 8 (8.0)

III 549 (41.6) 46 (46.0)

IV 540 (41.0) 42 (42.0)

Emergency surgery 1424 94 (7.1) 5 (5.0) .43

American Society of Anesthesiologists
physical status class 1391 .49

2 (mild systemic disease, no functional
limitation) 9 (0.7) 1 (1.0)

3 (severe systemic disease, definite
functional limitation) 1192 (92.2) 87 (88.8)

4 (severe systemic disease that is a
constant threat to life) 92 (7.1) 10 (10.2)

Operative category 1421 .21

CABG 1110 (83.8) 79 (79.0)

CABG � valve 214 (16.2) 21 (21.0)

Continued on next page
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than voluntary reporting, as occurs with the STS
database. The lower rate of deep sternal SSIs may
also reflect that the STS database primarily captures
acute events, whereas some infections may become
apparent much later after surgery.4 The previously
mentioned studies found a large range of SSI inci-
dences after cardiovascular procedures. However,
comparisons should be performed carefully because

Trends in the Incidence of All SSIs During 16 Years, Olm

1993-2008
(N�1424)

1993-1996
(n�401)

1997
(n�

100 (7.0) [5.7-8.4] 36 (9.0) [6.4-12.3] 30 (7.3)

28 (2.0) [1.2-2.7] 6 (1.5) [1.0-3.2] 10 (2.4)

22 (1.5) [0.9-2.2] 12 (3.0) [1.6-5.2] 2 (0.5)

50 (3.5) [2.6-4.5] 18 (4.5) [2.7-7.0] 18 (4.4)

ction.

TABLE 1. Continued

Characteristic No. of patients

Use of venous graft from the leg 1417

Radial artery use 1417

Use of skeletonization as the
harvested method for IMA 1424

None

Single

Both

IMA use 1424

None

Left

Right

Both

No. of IMA grafts 1424

0

1

2

Intraoperative cryoprecipitate
transfusion 1423

Reexploration- 1424

For bleeding

For another reason

Readmission within 30 d 1412

a BMI � body mass index (calculated as weight in kilograms divide
surgery; IMA � internal mammary artery; NYHA � New York
b Data are presented as No. (percentage) unless otherwise indic
. (percentage) [95% confidence interval].

Mayo Clin Proc. � November 2012;87(1
of differences in SSI criteria, durations of follow-up,
types of cardiac surgery, and methods of postdis-
charge surveillance. Owing to these limitations, the
focus should be on following SSI incidence time
trends within a country instead of on comparing
countries with each other.

In addition, these data showed that incidence
trends for overall SSIs were consistently decreasing

d County, Minnesotaa,b

Study period

0
)

2001-2004
(n�337)

2005-2008
(n�275) P v

10.5] 21 (6.2) [3.9-9.4] 13 (4.7) [2.3-7.5] .

4.4] 3 (0.9) [0.2-3.0] 9 (3.3) [1.5-6.1] .

1.7] 7 (2.1) [1.0-4.0] 1 (0.4) [0.0-2.0] .

6.8] 11 (3.3) [1.9-6.2] 3 (1.1) [0.2-3.2] .

atients without SSI
(n�1324)

Patients with SSI
(n�100) P value

1122 (85.2) 98 (98.0) �.001

89 (6.8) 4 (4.0) .28

.58

1235 (93.3) 95 (95.0)

54 (4.1) 2 (2.0)

35 (2.6) 3 (3.0)

.02

107 (8.1) 15 (15.0)

1058 (79.9) 77 (77.0)

8 (0.6) 2 (2.0)

151 (11.4) 6 (6.0)

.02

108 (8.2) 15 (15.0)

1067 (80.6) 80 (80.0)

149 (11.3) 5 (5.0)

13 (1.0) 3 (3.0) .06

.60

50 (3.8) 5 (5.0)

9 (0.7) 0

182 (13.9) 36 (36.4) �.001

height in meters squared); CABG � coronary artery bypass graft
t Association; SSI � surgical site infection.
TABLE 2. Temporal ste

Type of SSI
-200
411 alue

All [5.2- 02

Superficial sternal [1.2- 34

Deep sternal [0.1- 04

Leg harvest [2.6- 02

a SSI � surgical site infe
b

P

d by
Hear
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over time and that this finding could be attributable
to multiple factors. Most important, it could be re-
lated to improvement in infection control measures
that include judicious use of prophylactic antibiot-
ics, with an effective screening and surveillance
strategy. Also, several innovations in coronary revas-
cularization surgery, such as minimally invasive
CABG and “off-pump” operations, have been ad-
opted widely in the past decade with the promise of
improved clinical outcomes compared with older
revascularization technologies and techniques. Fur-
thermore, endoscopic vein harvest has been used
increasingly as an alternative to the open technique,
and this has led to a significant decrease in the inci-
dence of leg incision complications, including
SSIs.24,25

Surgical site infection had been diagnosed in
50% of patients in the outpatient setting, with an
overall mean time to onset of 13 days; 34% of those

TABLE 3. Unadjusted and Adjusted ORs of All Surgica
(1993-1996) as a Reference

Variable Unadjusted OR (95%

Study period

1993-1996 1 (Reference)

1997-2000 0.83 (0.50-1.37)

2001-2004 0.67 (0.38-1.17)

2005-2008 0.46 (0.24-0.91)

Readmission NA

Length of hospital stay NA

BMI NA

Intraoperative cryoprecipitate
transfusion NA

BMI � body mass index; CI � confidence interval; NA � not a

TABLE 4. Microbiologic Characteristics of the SSIs

Causative pathogen
Superficial ste

(n�28)

Coagulase-negative staphylococci 5

Staphylococcus aureus 3

Enterococcous species 1

Gram-negative bacilli 1

Polymicrobial 1

Other 0

Culture negative 7

Culture not performed 10
LHSI � leg harvest site infection; SSI � surgical site infection.

Mayo Clin Proc. � November 2012;87(11):1054-1061 � http://dx.doi
www.mayoclinicproceedings.org
who developed an SSI required hospital readmis-
sion. This study demonstrated the importance of
follow-up to ensure that all SSIs are captured and is
consistent with findings from previous investiga-
tions that found that 68.4%22 and 95%23 of SSIs

ere diagnosed after hospital discharge.
Coagulase-negative staphylococci were the most

ommon pathogens (21%) in this study. In contrast,
taphylococcus aureus was predominant in 2 other
nvestigations.21,22 This difference could be due, in
part, to the routine use of mupirocin for methicillin-
resistant S aureus decolonization that was adopted
by the Division of Cardiovascular Surgery, Mayo
Clinic, in 2002 for each patient undergoing CABG
surgery.

This study has several important strengths. To
our knowledge, it is the first population-based study
to examine temporal trends in all types of SSIs in a
geographically defined US population. The essen-

e Infections for the 3 Periods Using the First Period

P value Adjusted OR (95% CI) P value

1 (Reference)

.46 0.83 (0.48-1.42) .49

.17 0.50 (0.27-0.93) .03

.03 0.39 (0.19-0.81) .01

NA 3.81 (2.38-6.10) �.001

NA 1.06 (1.04-1.08) �.001

NA 1.10 (1.06-1.15) �.001

NA 4.58 (1.20-17.53) .03

able; OR � odds ratio.

SSI (No.)

Deep sternal
(n�22)

LHSI
(n�50)

Total
(N�100)

13 3 21

5 4 12

1 2 4

3 0 4

0 9 10

0 2 2

0 2 9

0 28 38
l Sit

CI)
rnal
.org/10.1016/j.mayocp.2012.05.026 1059
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tially complete ascertainment of all SSI cases by ac-
tive search in an established medical records linkage
system for a population of known size and age dis-
tribution allowed unbiased estimation of the inci-
dence rate of SSI. Furthermore, to reduce the risk of
incomplete SSI case ascertainment, we used the in-
stitutional STS adult cardiac surgery database. Data
completeness in the STS database is high and ex-
tremely accurate.26

Limitations of this study include its retrospec-
tive nature, which relied on the accuracy and com-
pleteness of clinical records, and the fact that it is
subject to several biases, including reviewer bias.
Also, the race/ethnicity of the Olmsted County pop-
ulation is 90% white, suggesting that the results of
this study may not be applicable to other popula-
tions. However, the homogenous nature of the pop-
ulation limits external biases, and, thus, these obser-
vations reflect a pure assessment of the temporal
trends of SSI in a preserved population.

CONCLUSION
In this first population-based surveillance study of
patients undergoing CABG surgery, we found that
the incidence of SSI decreased markedly between
1993 and 2008 in Olmsted County patients. The
factors responsible for this apparent decrease are the
focus of ongoing investigations.
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